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(54) [Title of the Invention] 

METHOD FOR MANUFACTURING SEMICONDUCTOR ELEMENT 
(57) [Abstract] 
[Object] 

To obtain a method for manufacturing a semiconductor element in which, even 
if variation in irradiation energy is generated in a scanning direction of a long beam in a 
semiconductor layer to which annealing treatment is performed, defects in TFT 
characteristics can be prevented from being concentrated along a specific gate bus 
wiring or source bus wiring, and thus, a malfunction in image display or reading in a 
liquid crystal panel, an image sensor, or the like with high resolution using the 
semiconductor layer to which annealing treatment is performed can be overcome. 
[Constitution] 

When a semiconductor layer 2 over a substrate 1 is annealed by irradiation with 
a long beam, the long beam is scanned in a direction excluding directions parallel and 
perpendicular to arrangement regions 18a and 18b of a matrix wiring of the substrate 
completed. 
[Scope of Claims] 
[Claim 1] 
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A method for manufacturing a semiconductor element, comprising the steps of: 

annealing a polycrystalline or amorphous semiconductor layer formed over an 
insulating substrate by irradiation with an energy beam to form a polycrystalline or 
single crystal semiconductor layer with a larger grain size; and 

forming a plurality of desired elements on the semiconductor layer to which the 
annealing treatment is performed, 

wherein the annealing treatment is performed by scanning an energy beam 
having a long beam shape in a direction excluding directions parallel and perpendicular 
to an arrangement direction of the elements formed on the semiconductor layer. 
[Claim 2] 

A method for manufacturing a semiconductor element, comprising the steps of: 

annealing a single crystal, polycrystalline, or amorphous semiconductor layer 
containing an impurity formed over an insulating substrate by irradiation with an energy 
beam to activate the impurity in the semiconductor layer; and 

forming a plurality of elements which use the semiconductor layer to which the 
annealing treatment is performed as contact regions, 

wherein the annealing treatment is performed by scanning an energy beam 
having a long beam shape in a direction excluding directions parallel and perpendicular 
to an arrangement direction of the elements formed on the semiconductor layer. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates a method for manufacturing a semiconductor 
element, which includes a step of stacking a semiconductor layer by a thin film process. 
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In particular, the present invention relates to an ultraviolet light irradiation method. In 
the ultraviolet light irradiation method, a polycrystallme or amorphous semiconductor 
layer formed over a large-area substrate is irradiated with ultraviolet light so as to be 
annealed, whereby a large-grain polycrystalline or single crystal semiconductor layer is 
obtained; or a single crystal, polycrystalline, or amorphous semiconductor layer 
containing activated impurities is obtained by the annealing. 
[0002] 
[Prior Art] 

In recent years, a large-sized liquid crystal pane! with high resolution and a 
high-speed contact type image sensor with high resolution have been increasingly 
required; therefore, high-performance thin film transistors (TFTs) are desired to be 
uniformly manufactured over a large-area insulating substrate. 
[0003] 

Here, for example, a TFT is manufactured as follows: a polycrystalline 
semiconductor layer is formed over a glass substrate which has a low distortion 
temperature but is inexpensive and easily increased in area; and a semiconductor active 
region where a channel is formed, low-resistance source and drain electrodes, and a gate 
electrode are each formed over the surface of the polycrystalline semiconductor layer. 
By the way, when the glass substrate having a low distortion temperature as described 
above is used, it is necessary to reduce thermal damage to the glass substrate, and thus, 
the polycrystalline semiconductor layer has been obtained by the following methods. 
[0004] 

In one method, after an amorphous silicon layer (hereinafter also referred to as 
an a-Si layer) is deposited over a glass substrate, the amorphous silicon layer is 
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annealed with ultraviolet light emitted from an excimer laser, so that a polycrystalline 
silicon layer (hereinafter also referred to as a poly-Si layer) is obtained. In another 
method, after an a-Si layer is deposited over a glass substrate, the a-Si layer is made into 
a poly-Si layer by solid-phase growth using a thermal diffusion furnace or the like, and 
the poly-Si layer is annealed with ultraviolet light emitted from an excimer laser, so that 
a large-grain poly-Si layer is obtained. 
[0005] 

The ultraviolet light emitted from the excimer laser can be made into a beam 
spot having a size of approximately 10 mm x 10 mm through a beam homogenizer or 
the like, but the beam spot is small compared to the glass substrate. Therefore, as 
illustrated in FIG. 6, while a beam spot 3 of an excimer laser beam was scanned over a 
glass substrate 1, laser pulsed irradiation was continuously performed, whereby 
annealing treatment of a polycrystalline or amorphous semiconductor layer 2 with a 
large area deposited over the glass substrate was performed. 
[0006] 

In that case, in order not to generate a part which is not irradiated with 
ultraviolet light and to prevent incomplete annealing due to drastically reduced 
irradiation energy in end portions of an irradiation region of the beam spot, a measure is 
taken, for example, irradiation with the beam spot is performed so that end portions of 
adjacent irradiation regions are overlapped. Various laser irradiation methods as 
described above are described in, for example, Japanese Published Patent Application 
No. S58-56316, H3-72617, and H5-190451, and Examined Patent Application 
Publication No. H5-801 59. 
[0007] 
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Further, although ultraviolet light emitted from an excimer laser can be formed 
into a long beam shape through a beam homogenizer, an optical unit, or the like, this 
long and narrow beam shape cannot cover an entire surface of a glass substrate with a 
size of, for example, 10 cm x 10 cm. Therefore, as illustrated in FIG. 7, a long beam 
of an excimer laser was moved relatively in a predetermined direction, for example, a 
direction perpendicular to the longitudinal direction, over a glass substrate 1, and pulsed 
laser irradiation was continuously performed, whereby a large-area polycrystalline or 
amorphous semiconductor layer 2 deposited over the glass substrate was annealed (refer 
to Japanese Published Patent Application No. H3-286518). Note that in FIG. 7, 
reference numeral 18a denotes a region where a gate bus wiring should be arranged, and 
18b denotes a region where a source bus wiring orthogonal to the gate bus wiring 
should be arranged. Each of reference numerals 1 9a and 1 9b denotes a region where a 
driver of each bus wiring should be arranged on one end side of the arrangement region 
1 8a or 1 8b of each bus wiring. In addition, the above annealing treatment is not only 
performed in the case of crystallization of the semiconductor layer but is also performed 
in a manner similar to the above in the case of activation of the semiconductor layer 
containing impurities. 
[0008] 

[Problems to be solved by the Invention] 

However, in the above beam spot irradiation method, it is difficult to make the 
amount of total energy given to a part where the beam spots overlap equal to that m 
other parts where the beam spots do not overlap so as to make irradiation energy 
uniform in an entire beam irradiation region. Consequently, there were problems in 
that in the overlapping part, film stress was increased and surface planarity was 
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decreased, whereby a high-quality polycrystalline semiconductor layer could not be 

obtained. 

[0009] 

In addition, as shown in FIG. 5, there are generated similar problems also when 
the beam spots are displaced at a pitch that is sufficiently small compared to its size in a 
scanning direction and pulsed irradiation with the beam spot is performed at every pitch. 
This is because there is several % of variation in amount of irradiation energy among 
irradiation shots of the beams, and thus, the amount of total irradiation energy does not 
become uniform in each part on the semiconductor layer. 
[0010] 

Further, as illustrated in FIG. 7, by using a long beam, uniformity of irradiation 
energy in a longitudinal direction is improved, but uniformity of irradiation energy in a 
scanning direction is not improved. This is because there is variation in energy among 
irradiation shots of the beams also in the case of a long beam, similarly to the above 
beam spot. Therefore, variation in TFT characteristics is generated in a direction 
perpendicular to a longitudinal direction (scanning direction) of the long beam. For 
example, in the long beam irradiation treatment illustrated in FIG. 7, the scanning 
direction of the long beam corresponds to a direction in which the source bus wiring 
extends. Thus, defects are generated along the gate bus wiring orthogonal to the 
source bus wiring. 
[0011] 

Consequently, in a liquid crystal panel, an image sensor, or the like with high 
resolution, a malfunction in image display or reading, which is generated due to 
variation in TFT characteristics, is easily recognized by human eyes. 
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[0012] 

This invention is to overcome the above problems. It is an object of the 
present invention to obtain a method for manufacturing a semiconductor element in 
which, even if variation in irradiation energy is generated in a scanning direction of a 
long beam in a semiconductor layer to which annealing treatment is performed, 
variation in characteristics of a TFT formed on the semiconductor layer can be 
prevented from being along a gate bus wiring or a source bus wiring, and thus, influence 
of variation in TFT characteristics in a liquid crystal panel, an image sensor, or the like 
with high resolution can be reduced. 
[0013] 

[Means for solving the Problems] 

A method for manufacturing a semiconductor element of this invention 
includes the steps of annealing a polycrystalline or amorphous semiconductor layer 
formed over an insulating substrate by irradiation with an energy beam to form a 
polycrystalline or single crystal semiconductor layer with a larger grain size; and 
forming a plurality of desired elements on the semiconductor layer to which the 
annealing treatment is performed, where the annealing treatment is performed by 
scanning an energy beam having a long beam shape in a direction excluding directions 
parallel and perpendicular to an arrangement direction of the elements formed on the 
semiconductor layer. Accordingly, the above object is achieved. 
[0014] 

A method for manufacturing a semiconductor element of this invention 
includes the steps of annealing a single crystal, polycrystalline, or amorphous 
semiconductor layer containing an impurity formed over an insulating substrate by 
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irradiation with an energy beam to activate the impurity in the semiconductor layer; and 
forming a plurality of elements which use the semiconductor layer to which the 
annealing treatment is performed as contact regions, where the annealing treatment is 
performed by scanning an energy beam having a long beam shape in a direction 
excluding directions parallel and perpendicular to an arrangement direction of the 
elements formed on the semiconductor layer. Accordingly, the above object is 
achieved. 
[0015] 
[Effect] 

In this invention, when a semiconductor layer over a substrate is annealed by 
irradiation with a long beam, the long beam is scanned in a direction excluding 
directions parallel and perpendicular to an arrangement direction of elements formed on 
the semiconductor layer. Therefore, even if variation in irradiation energy is generated 
in a scanning direction of the long beam, variation in characteristics of elements such as 
TFTs formed on the semiconductor layer can be prevented from being generated in an 
arrangement direction of the elements. 
[0016] 

Accordingly, in a liquid crystal panel an image sensor, or the like with high 
resolution having a TFT for each pixel, even if variation in TFT characteristics is 
generated in a scanning direction of the beam, generation of defects of the pixels can be 
prevented from being along a gate bus wiring or a source bus wiring. Consequently, in 
a liquid crystal panel, an image sensor, or the like with high resolution, a malfunction in 
image display or reading, which is generated due to variation in TFT characteristics, 
cannot be easily recognized by human eyes. 
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[0017] 

[Embodiment] 

Hereinafter, an embodiment of the present invention will be described. 

[0018] 

(Embodiment 1) 

FIG. 1 is a view for explaining annealing treatment in a method for 
manufacturing a semiconductor element according to one embodiment of the present 
invention, and FIG. 2 are views for explaining the method for manufacturing the 
semiconductor element in the order of steps. In the drawings, reference numeral 2 
denotes an amorphous silicon layer formed over a glass substrate 1. Over the 
amorphous silicon layer 2, a region 18a where a gate bus wiring 8a should be arranged 
and a region 18b where a source bus wiring 8b orthogonal to the gate bus wiring 8a 
should be arranged are provided. On one end side of the region 1 8a or 1 8b where each 
bus wiring is arranged, a region 19a or 19b where a driver of each bus wiring should be 
arranged is provided. Here, an irradiation region A of a long beam is set so that its 
longitudinal direction is neither parallel nor perpendicular to a direction in which each 
wiring extends. A scanning direction of the irradiation region A over the glass 
substrate 1 is perpendicular to its longitudinal direction. 
[0019] 

Next, a manufacturing method will be described. 

[0020] 

In a large-area liquid crystal panel or contact type image sensor, a plurality of 
thin film transistors are formed over an insulating substrate as active elements. The 
glass substrate 1 is used as the insulating substrate, and the amorphous silicon film (a-Si 

10/18 



English Translation of JP8-8179 



film) 2 is deposited over the surface of the glass substrate 1 by an LP (liquid phase) 
CVD method at a deposition temperature of 550 °C with a thickness of 50 nm (FIG 
2(a)). 
[0021] 

Next, by irradiation with ultraviolet light from an excimer laser (XeCl 308 nm), 
the a-Si layer 2 is annealed, so that a polycrystatline silicon layer (poly-Si layer) 2a is 
formed (FIG. 2(b)). 
[0022] 

The a-Si film 2 may also be deposited by a sputtering method, a PE (plasma) 
CVD method, or the like. In addition, annealing treatment may also be performed with 
an excimer laser (KrF 248 nm). 
[0023] 

A long beam of the excimer laser can be obtained by transmitting an output 
beam of the excimer laser through a beam homogenizer, an optical unit (not illustrated), 
or the like. For example, the irradiation region A of the long beam has a size of about 
200 mm x 0.5 mm for a substrate having a screen of 5 inches per side. In this case, 
uniformity of energy within the long beam can be made less than or equal to ± 5 
percents. 
[0024] 

The above crystallization annealing is performed by relatively moving the 
excimer laser and a stage of the substrate so that an angle 8 between the scanning 
direction of the long beam and a matrix wiring of the substrate completed, i.e., the gate 
bus wiring or the source bus wiring is an angle except for 0° and 90°, preferably an 
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angle in the range of 30° ~ 60° or 120° ~ 150°. 
[0025] 

FIG. 1 illustrates a state where the long beam is moved over the amorphous 
silicon film 2 deposited over the glass substrate 1 by less than or equal to 0.5 mm, e.g., 
0.1 mm, so that the entire surface of the amorphous silicon film 2 is scanned. 
[0026] 

First, the substrate is put on the stage so that the angle 9 between the scanning 
direction of the long beam and the matrix wiring to be put on the substrate is a 
predetermined angle except for 0° and 90°. The irradiation region A of the long beam 
is placed at a corner of the glass substrate 1 on the right side of the page, the irradiation 
region A is moved at a pitch of 0.1 mm to the left side direction (X direction) of the 
page, and one shot of pulsed laser irradiation is performed every time it is moved by 1 
pitch. 
[0027] 

Accordingly, the entire surface of the amorphous silicon film 2 deposited over 
the glass substrate 1 is scanned with the irradiation region A of the long beam. At this 
time, energy density in the irradiation region is 250 mJ/cm 2 ~ 450 mJ/cm 2 . 
[0028] 

Note that the annealing treatment may be performed by scanning the entire 
surface of the amorphous silicon layer 2 with the long beams with different energy 
densities twice or more or by heating the substrate at 200 °C ~ 500 °C. 
[0029] 

Next, the polycrystalline silicon layer 2a is patterned into an island-shape to 
form an island-like portion 3 in each thin film transistor. Then, a silicon oxide (Si0 2 ) 
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film is deposited by a TEOS (tetraethylorthosilane) CVD method with a thickness of 
1 00 nm, so that a gate insulating film 4 is formed. An aluminum (Al) film is deposited 
thereover by a sputtering method, the aluminum film is patterned by a photolithography 
method, and the gate bus wiring 8a including a gate electrode 5 is formed (FIG 2(c)). 
[0030] 

Next, a predetermined ion, e.g., phosphorus for an n-ch TFT or boron for a p-ch 
TFT, is implanted into the island-like portion 3 by an ion implantation method. Then, 
impurities are activated by activation annealing by excimer laser irradiation, so that a 
source region 3a and a drain region 3b are formed in the island-like portion 3. 
[0031] 

This activation annealing is performed similarly to the crystallization annealing 
illustrated in FIG. 1. At this time, the long beam is moved relatively to the glass 
substrate so that the angle 0 between the scanning direction of the long beam of the 
excimer laser and the matrix wiring of the substrate completed is an angle except for 0° 
and 90°, preferably an angle in the range of 30° ~ 60° or 120° ~ 150°. Accordingly, 
the entire surface of the island-like portion 3 including the source region 3a and the 
drain region 3b formed over the glass substrate 1 is scanned with the long beam. At 
this time, energy density in the irradiation region of the long beam is 250 mJ/cm 2 ~ 450 
mJ/cm 2 . 
[0032] 

Next, silicon nitride (SiN x ) is deposited by a PE (plasma) CVD method with a 
thickness of 400 nm, so that an interlayer insulating film 6 is formed. The interlayer 
insulating film 6 may also be silicon oxide (Si0 2 ) formed by a TEOSCVD method. 
[0033] 
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A contact hole 7 is opened in a portion corresponding to each of the source 
region 3a and the drain region 3b in the gate insulating film 4 and the interlayer 
insulating film 6. Then, an aluminum film is deposited and patterned, so that wirings 
8b and 8c are formed (FIG 2(d)). 
[0034] 

Next, an operation effect will be described. 

[0035] 

When the long beam of the excimer laser is scanned so that the irradiation 
region A is displaced at a pitch of 0.1 mm as described above, even if there is variation 
in energy density in the scanning direction of the long beam, uniformity in 
crystallization treatment and activation treatment can be achieved. This is because the 
irradiation region A progresses at a small pitch as shown in FIG. 4, and thus, the amount 
of total irradiation energy is uniform in each part of the amorphous silicon layer. 
[0036] 

However, although variation among irradiation shots of the long beam is 
absorbed and homogenized to some extent since the irradiation region A progresses at a 
small pitch as shown in FIG. 5, it is not homogenized completely and slightly influences 
the crystallization treatment and the activation treatment. 
[0037] 

When variation in TFT characteristics due to this slight variation is generated 
along the gate bus wiring 8a or the source bus wiring 8b, in a liquid crystal panel, an 
image sensor, or the like with high resolution, a malfunction in image display or reading, 
which is generated due to variation in TFT characteristics, is easily recognized by 
human eyes. 
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[0038] 

In addi tion, the driver of each bus wiring has a structure in which a plurality of 
the same circuits are arranged along the arrangement direction of the corresponding bus 
wiring so that connection with each bus wiring can be easily obtained. Therefore, 
when variation in TFT characteristics due to variation of each irradiation shot is 
generated along, for example, the gate bus wiring, not only some source bus wirings 
intensively have crystallization or activation defects, but also circuits corresponding to 
the wirings on which defects are concentrated have characteristic defects. 
Consequently, a malfunction due to variation in TFT characteristics gets more 
prominent (FIG. 3(b)). 
[0039] 

On the other hand, when the scanning direction of the energy beam is made 
oblique to the matrix wiring of the substrate as in this embodiment, slight variation in 
TFT characteristics can be prevented from being generated along the gate bus wiring 8a 
or the source bus wiring 8b. Accordingly, in a liquid crystal panel, an image sensor, or 
the like with high resolution, a malfunction in image display or reading, which is 
generated due to variation in TFT characteristics, cannot be easily recognized by human 
eyes (FIG. 3(a)). 
[0040] 

In this embodiment, when the semiconductor layer over the substrate is 
annealed by irradiation with the long beam as described above, the semiconductor layer 
is scanned in such a direction that the angle 9 between the scanning direction of the long 
beam and the matrix wiring of the substrate completed is an angle except for 0° and 90°. 
Therefore, even if variation in TFT characteristics is generated in a longitudinal 
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direction of the beam, defects can be prevented from being generated along the gate bus 
wiring or the source bus wiring. Accordingly, in a liquid crystal panel, an image 
sensor, or the like with high resolution using the semiconductor layer processed with the 
long beam, a malfunction in image display or reading cannot be easily recognized by 
human eyes. 
[0041] 

Although this embodiment describes the case where the polycrystalline silicon 
layer is used as a semiconductor active layer of the thin film transistor, the 
polycrystalline silicon layer may also be used as a gate electrode, a wiring, or the like. 
In addition, the present invention is not only applied to modification of quality of the 
polycrystalline silicon layer but also to formation of other semiconductor films of single 
crystal silicon, Ge, Si-Ge, and the like. 
[0042] 

[Effect of the Invention] 

As described above, according to the present invention, when a semiconductor 
layer over a substrate is annealed by irradiation with a long beam, the long beam was 
scanned in a direction excluding directions parallel and perpendicular to an arrangement 
direction of elements formed on the semiconductor layer. Therefore, even if variation 
in irradiation energy is generated in a scanning direction of the long beam, variation in 
characteristics of elements such as TFTs formed on the semiconductor layer can be 
prevented from being generated in an arrangement direction of the elements. 
[0043] 

Accordingly, in a liquid crystal panel, an image sensor, or the like with high 
resolution having a TFT for each pixel, even if variation in TFT characteristics is 
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generated in a scanning direction of the beam, generation of defects of the pixels can be 
prevented from being along a gate bus wiring or a source bus wiring. Consequently, in 
a liquid crystal panel, an image sensor, or the like with high resolution, a malfunction in 
image display or reading, which is generated due to variation in TFT characteristics, 
cannot be easily recognized by human eyes. 
[Brief Description of the Drawings] 

[FIG. 1] A view for explaining annealing treatment by irradiation with a long beam, in a 
method for manufacturing a semiconductor element according to one embodiment of 
the present invention. 

[FIG. 2] Cross-sectional views illustrating manufacturing steps of a thin film transistor, 
in a method for manufacturing a semiconductor element according to the embodiment. 
[FIG. 3] Schematic views for explaining states of image display in liquid crystal panels 
and the like using thin film transistors formed using annealing treatment of the present 
invention and conventional annealing treatment. 

[FIG. 4] A view showing a uniform distribution of energy density in a scanning 
direction of a long beam using a graph. 

[FIG. 5] A view showing a non-uniform distribution of energy density in a scanning 
direction of a long beam using a graph. 

[FIG. 6] A view for explaining annealing treatment by irradiation with a beam spot, in a 

conventional method for manufacturing a semiconductor element. 

[FIG. 7] A view for explaining annealing treatment by irradiation with a long beam, in a 

conventional method for manufacturing a semiconductor element. 

[Explanation of Reference] 

1 glass substrate 
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JUS:, tf-A**^-f-Yif-. jt^^mtm 
r. t !d i 9 ftR® Aff^d-t 6 r 1 1> "Ct 5 a*, - 
oojffiv^tr-^BMJt-eH:, W3.HE1 Ocm^wot* 
§$»^7^Sffi±ffiSrli-5 - 1^**^. -«fc 

ft, B7{C^-fJ; ?fc, ^7^1SlJ:t*x^->-7^- 

Hf»ftR f- a Sr0f Sm^, f J fiUftR^r&J i Ett^ 
ii^UTfto-c, ^7^S«Xfc«i^tifc^ffia»# 

m&* tzitmmmm 2 irr=-^tsi t^ft^ 

h-T^fc (4tP^-¥3- 2 8 6 5 1 8-t&flHMS) . ft*' 
H7f, 1 8aii^'-h/^E»^ESt^#m 1 

s buisy-h/^gantt^tsy-^'^-fr- e 

*1--<tl'l«t:-fc5c- 19 a, 1 9 b \i&/<X&M<0& 
WMWL 18a, 18b (D-^fiJtD, #/<7|B^C> 

^m»m <d ffitift fc t xt a t m « t - ft a . 

[0 0 0 8] 

M^)S*LJ;')i-r5lllI] LA»t*ise>, ±^tr 
hfci5M*feTi±, gt'-i^y ^© 

fc9»®¥-att«ttfc9 lt, sa^ft^ji- 1 " 

ftlS:#5 C > -P-Ct ft'^t ^5 fn1S^^fcofc 0 
[ 0 0 0 9 ] £fc, 05 i-^-T ± 3 fc, Xfg t'-A^* 



(3) 



,'. r ; 8-8l79 



m \zir bLK ha b , # f ■> f-feicg t-- a^sv^^ 

A-* «ft!Wt£fr o "C t> , fItailr]li©raS^^^ C5„ 

[ooio] 0 71^1- J: pi;:, fiKir-Afcffl 
i^^iCi!), ftR7j r 6j»wj^^-©©H4tt 
3feS^*i5i s , j|4*iBii;oUTtt!ait^/i' i ¥-roi® 10 

ftXt'-Arofi^rSiifffl^rMi (i-S*^) !-:tft 
II, y-^/<^Ei»«)i£t/5*iRit-SU-CV^Sio-e, 

[00 11] 1©?SJI, !ft«^t©«aV^/^-<^" 20 
-*I^*5V^-Clt, w CO t 5 ftT F T#&©^7 

[0012] ^©«Wi, ±EWH^tS:*ft t J: 5 i L 
7 7 C"C t , £ ft * T F T 

fc t> © t ft h © z sus-r s - 1 as t? § , ~ tit i t> K» 

ffegOfSfi^l^M' > - S^-fe >tft if Kfctf 5 T F T 30 

®&<ns*7 -y *<DWm&it% z t a*-c§ ***** 

[0 0 13] 

[ nn * nfgtt-r s fc * © #ai ' © » w © ^wft** © 

tt, fiR©t''-AJf^S-*tS^/^'"t-^^, IS 40 

[0 0 14] ^©ftEro^ft^f-roaffiifrfett. *6» 
!i#M'©~f«l£, ^t^- f"A©.Wtt i 9 



¥-*S$l £ ft a If i 7 - ©E"0l £ ft tc# L T Wr ft * 
[0 0 15] 

$ ft 5 I? ^ ©E^Jtj fa £ ft L X W-ft ft 7j 1«] & t^Sit ft 
Ir] &.ft<Ojj fa <<c±tm R f - A Ir 5 J; 5 

^£CTt>. p^^t Mi-fM ;i6 I FT ^t'tO« 
[0 0 16] mi-«t9. B«r'itTFT£*+5K 

Etr-A»jfe*?jisii-T f T#ti©^7 y^imtix 

©^*, iliWftJlwffiij^^^^ ^-^-trvt^^t 
ioV-TT F T#tt©^<7 7*!'fiH LT£T 5, ffiiB* 

[0 0 17] 

[HJI^J] GUT, fcBHoSfcW^^RifltS. 
[0018] m«l i) 11 i±*lfiffl©-^ffi^lt i 

5t*roH, m 2 tttt^***^ ©Mjt*?£&XSIIi- 

l .Jhi'ffM$tifcT^;i'7 r 7- *s y 3 pgr^/v 

tlT^5 c £ie^/^E««ES:ffi«l 8a, 18b« 
-SSHBKtt, ^ti^n^^/^IB^© K'7-f-'--4'fcK 
t^Sii9a, i 9 b^KS$tiT^5 0 
ft x e - i.<?> i ae±, ©ft ^tv is] ^ 5 ±f a#iais 

COStJ? -5 7j r»l t ¥ff t & 5 V ff^ M ^ b ft V ^ 5 K £ 

©*a*[^ ii, -e ©ft-?*"(Hi t * ^ *rfi] -c fe 5 . 
[ooi9] &^'S5t*-a't^v^TM1-§ 0 

[Cm _u] n , n ' tMl L 

x-tt. mmrn-Tt Lxm^B® vyyv** 

ffil*rttfflL-, #7^I*1«»LP (iftffi) CV 
DifeKJ: 9 5 5 0T;«#IISgT5 0 nmtOJPIt/'^ 
.^/^v'D^^g (a -Si if) 2««t5 (0 2 
(a) ) . 

[0 0 2 1]^:, i^i/v^f (XeCl 30 8 

n m) A>t> tnmmnmmz. ± t» , ±« a - S i I 2 » 

T^-^;HfoT#fel->!J nyjf (poly-Si 
1) 2 (H2 (b) ) „ 



5 

[0 0 2 2] ±!Ea-S iSS2©it«!4, ^-^fe 
PE (77XV) CVD^T-tfoT^K, *fc, T 
--fri/mit^is-? U—f (K r F 2 4 8 n m) X 

[0 0 2 3] ^* f s-?U—?<D&RV-J*\i* 

u-W&j] yz-^ttV-tJ If-, 

3 0 0j*.ff, 5 i n c hft©Bffi©SfiiOftLT!l, ft 
= »W - < " 2 0 0 1 i i . ■ ir i, 1 

5/<— fey h^Tt-et 5 0 
I0024] ±fe*£M:7=-;wi, ^^u— ft 
St © * r - i & , -fi^t'-AffliS^t SiSS* 
h y y^ian, os 13 y- h/^Ei»4fc(iy- 

*^*ffi$lfc©&f ftff fl #0' 71^9 0° &#■©# 
JS, £?S L< 113 0° -6 0° Xl±l 2 0° -15 0" 

cofSfflrt ©£j£ i ft 5 ■£ 5 fettWKgmi - 1 £ 
[0 0 2 5] 01 It, #7*£«i±£*fl£;h,fcT* 

^77^->V ^yJl2±^ftXf-A^'0. 5mma 20 

[0026] mm^T-vu^, fiXt 

ift5J-.v*cg-f5o #7 7K^©«ffi*«i©£ii^S 

x f - j* © m^m^ a srttft £ *, r offiWffj* a ^tt 

[0 0 2 7] #7 7HfU±K*«£Hfc 

7Wr^->!Ja yjf 2 ©4B(;Io TftR f-i, © 
IttPS-A [i J: 5 jfeSasfrtrfiS. - © t f BMt*«K 

*3»-t5^*/V'¥-*Sl±2 5flmj/cm'-4 5 0m 

J/cm' fct5 0 

[0 0 2 8] ft*>, ±E7=-A'Sa9»4s 7^7/? 
i/!)=yi2 ©£ffi£^y^~-&Jf ©^ft SSR 

-sooti^/ioftLT'To-rLrii-c 

[00 2 9]fc #8lr>'J ^y«2 a£fttti:y°y 40 

y y' b 7 9 iz^xmu 3 

ti%hMf&1rZ. #\*x\ teos (f h?if;^ 
V->7V) CVD&l'iD 1 0 onm©ffKT*'ftyy 
ay (SiOi) JISr*aLT'7 1 -M&K4 4-ffM'r 
5„ ■t©±^^y^ftti:"J7A'S = !>A (Al) 1 

9^_ = i^uc, y- h«ffi54r^try- W< 
^E»8 a*r^i-5 (0 2 (c) ) . 
[0 0 3 0] ?fctc. ^yftAitic J; 0 SttSB 3 i.r@r£ 

coy^-y, FlxJf n-~ c hTFTto^Tiiy y£, P 50 



#H¥8-8 1 7 9 

6 

-c hTFTfo^Tltfny^AtSc *LT^ 
Wv—iftopajt^i 1 ^ *iL '-it l ' 

£r?Sffift L, ft^S 3 K y-7 W$ 3 a 71 U ? K l~f yfl 

[0 0 3 I ] ;L©&tM:7=-yMi, m 1 l-^+i 5 £ 

113 0° -6 0° Witffl-tfcttl 2 0° -15 0° ©ft 
fflft «fc £ £ 5 J: 5 . ±E£ R t^ - & # 7 * ft & K 

±c^snfcy-^iH* 3 a y w 3 b *r 

^•tffettgR 3 J:Sr*X tf- A^^ffi^S-T 5 0 ^ ©B#« 
gKf-Arofi9Wffl«K*5^5^*/i' :3 f ; -aSH2 5 0 

mj/cm'-4 5 0m]/cm ! if 
[0 0 3 2]fe>T\ PE (75^) CVDffiiCj;?) 
4 0 0 nm^JfSfT-gft-yy ^y (S i Nx) 5rit«L 

tSRHfeeyme srjg^ts, inEJimwaRe uteo 
scvDft(wj;5iMt*yy -y csioo T'tav\ 
[0033] y-i*ieis«4&u!iBMfeWi6ro 1 #y 
-7 3 a mttcxfi k y-f yffl® 3 b ic^ts-t-sas^c =■ 
yy^ h?L7*Htt. r^^-^Afflt**!!^^^-- 

^yT'LTBfi^Sb, 8c4f)St5 (0 2 (d) ) . 

[0 0 3 4] &KftfflS!SHo^-CSll?!tS. 

[0 0 3 5] i:3£L7ti; 5 i^->?^f©SK^ 
-A5ff»llti«A^ 0 . 1 mm© fyf-TfH5i 

(C^t «t o $^t°^ 7"T'!fJtll«A^iiff LT ^ < 
fc*, fiSM$ixS^-*^ :3 r"i^ 3 7^7r7yy a 
yl©#gRf>^^^T»i-£^5^fc^fe5 Q 
[ 0 0 3 6 ] t fiSt'-inM->3 y mat? 

•7 f XWl L r ^ < -r t ^ b 4> 5 ttffiiR $ ttisS—f 

[ 0 0 3 7] :»»^77^!;J;5TFT #ft©^ 
77^s5, y- h/^7ffi^8 a^y-7^7Efi8 b }' 

Fiotf4t5>, ussfta©^*^'*^^ y — y-t 

[ 0 0 3 8] Sfc, ^xEii©K7-Y/^?±, fflfftt 
#/<^iaai:©^^ffi*^^5J;5, ^t5/<7 

<tot^5. r©fc*, fSMya J/ hS»^7 7^ftig 
HtTTFT#tt©/-;7 7^^^jy:«^" H ; - ! 
?&oT»*.-r5 1 , y-7/<7B.*©y < o^^-m^ L 



■f 3 t CO 1 1£ 5 a r. CO^frT F Tfttt©^ 7 ^^(C i -5 

W^Ut) I£^t^t®£ft3 (13 3 (b) ) „ 

[0039] -tuc^u ^nmmz. 

r £ n «t 9 , t e T#ttco»>ft^7 y 

- h^*EI®8 & J $ > y-Zs*X&8 btfeStftt 

; £ nri - - 1 - ,i: ' , hi t i 
>f y - s>fe y f-ft blc&^r T F T#ttso^ 7 -y * }' j& 
HLT4T3, m^^M^M'O^ffoL-VomBW 10 
It, A£>SI-Jg CI' 5 (03 (a) ) „ 
[0 0 4 0] J; 5 »«±co¥-*Mf; 

<o £ r»i ! ; £S-f 5 co t\ _hia tr- a co* k.£ isj t- t f t 

*/<7«l-feW^&©?£&£0iff 3 1 1 

3 0 r^ici 9±EfiRtf-AicJ: oa&SLfc^ftB 

[0041] 4*s, ±.mmmmx'it, &&& f sy*ym 
mmh7yit*$ tD^mms&M £ L-cffl^3i§#ic 

yjf©3feffro^fce>1\ SI'/5 3 >. Ge. si~ 
Get-, ffifo-f-*^SIco«i r £ as-e# 

3 0 

[0 0 4 2] 

&.±.!F>£0^*%Wl*lfo^ 30 

¥MfaMK%M £ ti3 *-f coaa^U £*t LT¥frft # 
fa&tMEft #[Sj£JW©#irI £ JilEftX er- a £ 

T F T 4 £ ' i i o^co^T^^arf-oE^filfc 

- ' • - 'M 1' ' M' im ' . 

[0 0 4 3] B*rtCTFTfrlr+5* 
+ i B V M"*MV~ ± ^ft£'t fc« T J: 
„?L -J i* ] - I I I ~ iU 40 



#17-8-8 1 7 9 

8 

EH K j& o fc t> © £ ft 5 W £ 0 S t 3 Z. £ i 5 T- 1 5 0 £ 

l*«ut©ffi*/-5*^^ * -$Hr >i^ft £!- 

fcV^TTFT#tt©/<7y^^fiHLT^T3, KffiS 

m i]i f] in l 1 

(t 3 , fiR A coiSM t J: 3 7 - -/i^g «r IftiS t~ 3 

[H 2] \ it » 1 - ' j^/jifi=*J(t5» 
g K v y ^ ^ ©KiIlS£^fi§rffilII-t:'fe3„ 

[El 3 ] *^&W^*«T^-;^atc £3*K h 7 
vv 5 ^ ^ Srfflv^fc**^*^* £X'»iiffi-S^co^t,?: 

[04 ] fiRtf -Art©jfeS*|fi!T?«>i^-'l'^-«S© 
i£j — ft^-* ^* 7 7 -e^-fH T* h 3 „ 

JF*& - ft^* y 7 7 -e^-j-H -e *> 3 „ 

[H6 ] se*«)J|ti»(*:*^©«ifi*ifel=*Jlt5 t^^^ 
jKy hM(cJ;3T~^M^^5f31-30T'fe3 o 

[0 7 ] ^c7)^.ft:*^wM^ffii-^!t3ft^t" 

1 #7*ste 

2 TWr^v'!) 

2 a #|Sb s b •> y a >-! 

3 a y-*|6tf 

3 b KW« 
5 

7 ny^n?L 

8 a ^-N^fift 

8 b y-*'<*E» 
8 c Ku-O-'l® (ii*) 

18a h/^B£S©E*tM« 

l 8 b y-^/<^EHoESII« 

19 a, 19b K7-Y^-»ES^ 
A gRt"-^©P*t»I 
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